' 3270 kg/m3 Fig. 1 . Idealized boundary condition in 3-dimensional viscous thin sheet analysis after England et al. (1982 England et al. ( , 1983 England et al. ( , 1985 England et al. ( , 1986 This is not the case for models 13-1, 10-3, 11-1 in Fig. 4 (1) Shortening of the Asian crust by the Indian plate.
(2) Viscous spreading of the Asian crust after ceasing of compression by the Indian plate.
The model (1) is divided further into three subgroups.
(1.1) Shortening without diapir (Model 9-1).
(1.2) Shortening with a small diapir (Model 9-3).
(1.3) Shortening with a big diapir (Model 9-5).
The model (2) is also divided into three The model (1) is established to simulate the collision of the Indian and Asian plates and to realize the Tibetan Plateau. Three models of (1) are different by means of the existence of diapir, and the size and place of diapir if it exists, with which we may recognize the effect of diapir in the event of plate collision. ...
0.00 2.00
4.00 6.00 8.00 10.00 12.00 14.00 XIOKM 18. aD However after 0.1 Ma which is rather small time scale for plate collision, it is impossible to continue to drive these shortening models any more under the assumption of rigid plate and the limitation of the analytical region.
In oder to simulate the collision of the Indian and Asian plates, the Indian crust of a 20 km thick is pushed against Asia of a 200 km long connected with a ramp inclined at 45 0. These boundary conditions are, however, taken without observational data.
Then, although it is unreasonable to consider the ceasing of migration of the Indian plate after 0.1 Ma, the author simulates the viscous rebound of the Asian crust after ceasing of the Indian plate movement, because it is valuable to see what the cause of nappe is and which movement is greater the upward migration of diapir or the viscous flattening movement of the crust. The simulations of the viscous spreading are performed during 1 Ma by the models 13-1, 10-3 and 11-1.
Conditions of all the models performed in the present paper are summarized in Fig. 4 .
The numerical technique used for solving these models is based on the well known finite element method. When we want to treat with a Newtonian flow, we have to solve the governing equation of linear viscous flow.
where Xi, Vi, P, 1), p and Ii are Cartesian coordinate, velocity vector, pressure, shear viscosity, density and body force vector per unit mass, respectively. The derivative notation is defined as Vi,j=OVijOXj and so forth. Since the corresponding fu nctional to th governing equation is known as,
it is clear that the values of velocity and pressure for reasonable imposed boundary conditions can be obtained by the finite element technique.
The detailed formulation which derives a numerical scheme from the functional by means of the finite element method is given in HAYASHI (1979 HAYASHI ( , 1984 .
Shortening by the Indian plate
Shortening without diapir (Model 9-1) Figure 5 illustrates boundary conditions and elements during the event of the collision of the Eurasian and Indian plates in Eocene. The area is divided into 108 isoparametric finite elements with 133 nodal points as il- As the real value of / is 1600 km and the set value of / in the model is 160 km, supposing b1Q as the real risen value and bx as the calculated risen value, b1lb10={ -9/(a-l)} + l is derived after simple manipulation. This curve realizes a hyperbola as illustrated in Fig. 9 . Since the range of a dosen't exceed over 10 km, that is, 10 km/ 160 km=0.0625, we have 10^^10^10.6. Therefore, the real value of the uplift is estimated as about 1/10 of the calculated value. the great foredeep, on the contrary the flow within the Asian crust directs to north-upwards which involves the Tibetan Plateau.
Shortening with a small diapir (Model 9-3) According to the data for the axial part of the Nepal Himalaya (Gansser, 1964 ; Hagen, 1969 ; Hashimoto et aL, 1973) , so called the "root zone" produces a number of gneiss nappes or diapirs and granitic diapirs. The possibility to uprise the Himalayas resulted from diapirism is explored in this model.
The boundary conditions and the resultant figure are shown in Figs. 10 and 11 where a diapir is set up near the collided region. The density and viscosity of the diapir are 2760 kg/m3 and 1020 Pas. This model results that the slope gradient of foredeep is slightly steeper and the surface just above the diapir rises slightly higher than the former model 9-1 (Fig. 6 ). There are no appreciable dif ferences caused by a diapir among both figures.
Shortening with a big diapir (Model 9-5) According to the idealized profile of the Nepal Himalaya (Fig. 12) (Fig. 6 ).
Viscous spreading
The possibility that the return flow within the Asian crust after the ceasing of plate movement is the cause of the Himalayan nappe will be examined during 1 Ma by the next models.
Viscous spreading without diapir (Model 13-1) Initial boundary conditions are taken same as the final stage of model 9-1 (Fig. 6) .
Then the plates are stopped to move, in order to observe how the spreading of the crust goes on without the shortening by plate movement.
The flattening process of the surface is going on as a result of the viscous flow of undulated surface. The result of the modelling will be used as a standard case of surface flattening.
Even in the crust with a viscosity as 1021
Pa-s, the flattening is sufficiently soon to eliminate the foredeep after 1 Ma (Fig. 15) .
We can recognize two regions of different property in the figure, the boundary of which Viscous spreading with a big diapir This is the successor of the model 9-5.
As shown in Fig. 17 (4) Viscous flattening of the crust is suf ficiently strong to overcome the mountain building movement due to diapirism.
However, there are following many problems
